Summary
Introduction
Efforts to define the components of the system responsible for constancy of renal blood flow and glomerular filtration rate during fluctuations of arterial blood pressure (so-called autoregulation) have not merged into an integrated and generally accepted concept. In the present experiments we have tested the hypothesis that autoregulation is achieved by an intrarenal feedback mechanism which servo-controls GFR'') whenever changes in the forces determining filtrate formation induce a deviation from the set value (Thurau, 1964) . It was further proposed that this feedback mechanism utilizes the renin-angiotensin system as a local tissue hormone inducing changes in arteriolar vasomotor tone when activated or inhibited by chemical stimuli derived from the tubular fluid in contact with the macula densa cells (Thurau, 1964; Thurau & Schnermann, 1965) . To evaluate the role of the renin-angiotensin system in the phenomenon of autoregulation, autoregulatory capacity and efficiency of feedback regulation of GFR was also examined in kidneys with widely varying renin content in two-kidney Goldblatt hypertensive rats as the experimental model.
Methods
Male Sprague-Dawley rats (200-250 g) anaesthetized with pentothal or inactin were used. Preparation for micropuncture included: control of body temperature, infusion of sodium chloride solution (150 mmol/l) at a rate of 0.3-0.5 ml h-' 100 g-', continuous recording of femoral artery blood pressure, dissection of the left kidney from a flank incision, placement of an adjustable clamp around the aorta between the renal arteries, and cannulation of the ureter. Tritiated inulin was infused for measurement of filtration rate. 
Control rats
In rats with blood pressures in the upper range of normal, timed collections were made in a distal tubular segment at control blood pressure and after reduction of pressure by aortic clamping; thereafter a proximal segment of the same nephron was punctured at the reduced pressure and after release of the aortic clamp. With this technique autoregulation of nephron G F R could be studied in the same tubule in the presence (distal collections) and absence (proximal collections) of flow past the macula densa cells.
Hypertensive rats
Three to 4 weeks before study, renovascular hypertension was induced by constricting either the right or the left renal artery with silver clips. In rats with right renal artery stenosis re-collections of both distal and proximal segments were performed in the untouched left kidney at control pressure, a t two pressure steps induced by aortic clamping, and if possible after release of the clamp. In rats with left renal artery stenosis distal and proximal tubular segments were re-collected in the acutely unclipped left kidney at control pressure and after reduction of pressure by aortic clamping. In both kidneys feedback responses of early proximal flow rate (EPFR) to changes of loop of Henle microperfusion rate were measured at control pressure. In addition, microdissected glomeruli were analysed for renin activity according to the technique described by Dahlheim, Granger & Thurau (1970) .
Results

Colrtrol rats
Results are summarized in Table I . During reduction of blood pressure from a mean of 133 to 
Renovascular hypertension
The results are also presented in Table 1 . When arterial pressure was reduced-from 190 to 150 mmHg and then to 125 mmHg autoregulation in the contralateral kidney was absent, as evidenced by a progressive and reversible fall of kidney GFR. Similarly, both NGFR-D and NGFR-P fell significantly with each blood pressure decrement, whereas no significant difference existed between NGFR-D and NGFR-P at any given level of blood pressure. Tubuloglomerular feedback was studied in the left kidneys of two other groups of rats after 2-3 and 4-5 weeks of right renal artery stenosis ( Table 2) . Feedback response in the contralateral kidneys was markedly attenuated in both groups of rats. After 2-3 weeks of right renal artery constriction (mean blood pressure 140 mmHg, SEM 3) the feedback system induced a 15.6 "/, (SEM 2.77) reduction of EPFR when loop microperfusion rate was raised from 0 to 45 nl/min. After 4-5 weeks of renal artery stenosis (mean pressure 17Of6 mmHg) EPFR responded with a mean reduction of only 9.6 f 2.9% during flow elevation from 0 to 45 nl/min. After 4-5 weeks of constriction juxtaglomerular renin activity was reduced in the contralateral kidneys to a mean value of 2.88 f0.88 ng of All h-' 0.1 ml-' per five glomeruli. In the kidneys with renal artery constriction autoregulation was studied after acute removal of the clip. During a pressure step from 157.5 + 6 mmHg to 114f2.2 mmHg kidney GFR did not change significantly. Similarly, NGFR-D was unaffected and NGFR-P fell from 43.1 f3.4 nl/min to 37.8 f 3.3 nl/min. Tubuloglomerular feedback induced a reduction of EPFR of 41.3 f2.32:( when loop flow rate was raised from 0 to 45 nl/min ( Table 2) ; juxtaglomerular renin activity averaged 52.3 f6.1 ng of All h-I 0.1 ml-I perfiveglomeruli.
Discussion
Our results show that in control rats and in acutely unclipped kidneys of Goldblatt hypertensive rats NGFR-D is not measurably altered by changes of arterial blood pressure whereas NGFR-P is less well autoregulated. Similar results were obtained by Navar, Burke, Robinson & Clapp (1974) in normotensive dogs. This observation is compatible with the thesis that perfect GFR autoregulation requires maintained distal fluid delivery. It appears justified therefore to conclude that tubuloglomerular feedback control is at least one factor participating in the regulation of renal vascular resistance during alterations in blood pressure. This conclusion is further supported by the finding that contralateral kidneys of Goldblatt hypertensive rats where tubuloglomerular feedback is virtually inoperative are unable to nullify the effect of changes of arterial blood pressure on GFR by re-setting glomerular arteriolar tone. I t is tempting to relate the absence of an effective tubuloglomerular feedback system and of adequate autoregulatory adjustment to a common cause, the depletion of juxtaglomerular renin stores.
